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USSR/Nuclear Physics - Pi meson interaction with nucleons 


cara 1/1 pub. 146 - 34/44 


Author + Popov, Yu. M.; Rukhadze, A. A. 
ig eT 
Title : Inelastic scattering of mesons in the gemiphenomenological theory of 


-mesons with nucleons 


No 6(12), Dee 1955, 893 


the interaction of pi 


Periodical : ghur. eksp» i teor- fiz., 29, 
henomenological theory of interaction of 
pi-mesons with nucleons, the problem of the nonelastic scattering 
of pi-mesons by nucleons was solved for energy of the incident 

mesons greater than 4oO Mev (I, Ye- Tamm, Yu. A. Gol'fand, V- Ya. 


Faynberg, ibid-, 26, 649, 1954), the calculation conducted in the 
first non-disappearing approximation of Heitler's theory of damping 
(W. Heitler, Proc- Cambr. Phil. Soc.; 37, 291, 1941). They studied, 
after scattering, the states: nucLeon+meson and “isobar +meson, put 
aia not consider the state nucleon+two mesons , formation of the sec- 
ond meson being considered as a decay of the nucleon's "Ssobar" 
state, In the present note the writers carry out @ comparison with 
experiments for energies of the incident mesons higher than LOO Mev, 
hoo Mev their results coincide with tnose of 
Tamm et alii (ov. cit.). This note contains no new values of the 
Tamm et alii- Results are given in 
graph and table, theoretical and experimental . Good agreement is 
noted. Four references, all Western but one USSR (op. cit.) 


Institution: Physical Institute im. P. N. Lebedev; Acad. Sei- USSR 
Submitted : July 29, 1955 
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AUTHOR. POPOV, YW.M. PA - 2082 

TITLE Seattering of n-Mesons on Nucleons in Higher Approximations of the 

‘ TAVM.DANKOV.= bethod (Rassejanie n-mezona na nukione v vys¥em pribligenii 
metoda Tamna-Dankova). 

PERIODICAL Zhurnal Eksperimental'noi i Teoret. Fiziki, 1957, Vol 32, Nr 1, 
pp 169-171 (U.S.S.R.) 
Received 3/1957 Reviewed 1/1957 

ABSTRACT In the: pEoklom investigated here problems in connection with renormalization 
of self energy of mesons and nucleons are not considered and the cor- Ps 
responding terms are left out in all equations. The equation system ob- 
tained ‘in this manner is in the "old" TAMM-DANKOV method identical with 
the system of the new method of DYSON, if, in the latter system, the 
amplitudes with "negative members" are left out. In momentum representation, 
the first of the mentioned amplitudes is get up according to DIRAC in the 
following manner : “aqab-qu? = 6(q - Go) + Ki(ado)6 + ( ¢- Wa - Eq) 
Investigating tne problem of higher approximations of the TAM -DANKOV 
TENE cna, iyeqaabion ewe gk 2s aapuned (1-@.. No Boat utOney neschy 
are produced) and the second wnplitude has the following form: 
The equations for K, and Kg are then explicitly given. This equation 
system still contains divergencies even after the elimination of the in- 
finities occurring in the nuclei. This fact represents the main difficulty 
when investigating the higher approximations of the T.D.-method, if the 
equation for a meson-nucleon-system is concerned. The author constructs 
such a solution of non-covariant (threedimensional) equations in which the 
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: PA - 2082 
Scattering of m-lesons on Nucleons in Higher Approximations of the 
TAMM—-DANKOV-Kethod. : 


infinities are contained in the functions for the "summit parts" and which 
can be eliminated by renormalization. The representation of the amplitude 
Ka (akay) by means of the resolvent Ra is explicitly given. Some transfor- 
mations are then performed which are intended to introduce the infinities 
contained in the equation system into the functions for the "summit pects" 
The practical solution of the ab i i ssible without se- 
paration of the angular variables. The aithors separated the angles in the 
equation for Ka(qkqo) for the case that the total angular momentum of the 
system of nucleon - 2 mesons is J = 1/2 and that the mesons can only have 
the angular momenta O and 1. This makes it possible to consider higher 
approximations for the scattering of a pion by a nucleon in the S-state. 
Next, formulae for the characterization of the rotation state of 2 mesons 
and one nucleon and of a state containing one nucleon and one meson with 
1 = 0 are given. Also the equations for the igummit parts" are given. 
Finally a formula for the phase shift on the occasion of the scattering of 
a pion by a nucleon in the state which the isotopic spin I = 3/2 is found. 

ASSOCIATION Physical Institute "P.N.LEBEDEV" of the Academy of Sciences of the USSR. 

PRESENTED BY 

SUBMITTED 

AVAILABLE Library of Congress 
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Popov, Yu. HM. sov/56-35-2-27/69 


Py cle TN a 

On the Cross Sections of the Possible Non-Radiation 

Recombination in 4 Semiconductor (0 gecheniyakh vozmozhnoy 
pezyz luchatel'noy rekombinatsii Vv poluprovodnike ) 


PERIODICAL: Zhurnal eksperimental'noy 4 teoreticheskoy fiziki, 1958; 
Vol 35, Nr 2 (8), PP 505-506 (USSR) 


ABSTRACT: In semiconductors, & process of non-radiation recombination 
may occur; it is the inverse process with respect to the 
jdonization by conduction electrons (or holes) of the 

electrons which come from the traps. Using the wave functions 
and the assumptions given in a paper by L. Bess (Ref 1); 

the author calculated the collision of a thermal hole with 
slow conduction electrons in the neighbourhood of an 
occupied trap with subsequent recombination of the trap 
electron with the hole (the trap electron is considered 4s 
an ynowupied level for the hole). The energy released in 

such a collision is assumed to be transferred to the 
conduction electron. The wave functions which are used for 
these calculations and the obtained cross sections of these 
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On the Cross Sections of the Possible Non-Radiation $0V/56-35-2-27/60 
Recombination in a Semiconductor 


processes are explicitly given. For carrier concentrations 
N, and Ny 3010! eae. the cross sections 5)¢ (of the 


collision of a conduction electron with a hole with 
transition of the electron to the unoccupied level of the 
impurity) and dy (of the collision of 2 conduction electrons 


with subsequent transition of one of these conduction 
electrons to an unoccupied level of the impurity) are of 


the same order of magnitude (3.107*' om’) and are one order 


of magnitude less than the cross section of the radiation 
recombination (o1, and o.) which were obtained by Bess. The 


above-mentioned mechanism of the non-radiation recombination 
therefore cannot explain the experimentally observed short 
life of the carriers in germanium if the concentration of the 
carriers amounts £6 30101 30m7). There is 1 reference, O of 
which is Soviet. 


ASSOCIATION: Fizicheskiy institut imeni P. N. Lebedeva Akademii nauk SSSR 
Card 2/% (Physics Institute imeni P. N. Lebedev, AS USSR) 
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sov/51-6-6-7/34 


AUTHOR: ~Popov.,-Yu-be-" 


TITLE : 


PERLODICAL: 


ABS TRACT: 


Dependence of the Light-Suu Stored at Levels of various Depth on 
the Excitation vensity (Zavisimost' zapasayemoy svetosuimy na 
urovnyakh raznoy glubiny of plotnosti vozbuzhdeni ya ) 


Optika i spoktroskopiya, 1959, Vol 6, Nr 6, pp 764-768 (USSR) 


It was found experimentally (Refs 1, 2) that under steady-state 
conditions in luminescence the ratio of the light-sum stored in deep 
levels to the light-sum stored in shallow levels decrsases with increase 
of the excitation (flux) density. ‘rhe present paper shows that it is 
not necessary to invoke 4 mechanism of de~exciting action of the 
excitation flux to explain the above reault. tthe author considers a 
phosphor with two capture levels of different depth. It is assumed that 
(1) electrons are attached to and ejected from capture levels by themmal 
vibrations of the lattice and (2) direct transition of electrons fron 
capture levels to holes of the valence band does not occur. In the 
author's opinion the first assumption is always true, while the second 
is correct only in the case of absence of noles in the valence band. 

It is showm that under steady-state conditions the ratio of the number 
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SOV/51-6-6-7/34 
. -Dependence of the Light-Sua Stored at Levels of Various Depth on the Excitation Vensity 
of electrons stored at deep levels to the number stored at shallow 
levels is proportional to a product of two quantities: one of these 
quantities is the ratio of the total nuuber of deep levels to the total 
number of shallow levels, while the other quantity always decreases with 
incraase of the excitation density. The paper is entirely theoretical. 
Acknowledgment is made to Professor V.L. Levshin for his advice. There 
are 2 figures and 2 references, 1 of which is Soviet and 1 English. 


SUBMIT?ED: May 12, 1958. 
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24(4) Sov /51-6-6-2/34 
AUTHORS: Popov, Yu-M. aud Shabansicly, V.P. 


TITLE : Bffect of Radiationless Recombination on Saturation in Cathodoluminescence. 
(Vliyaniye bezyzluchatel'noy rekombinatsii na nasyshcheniye pri 
catodolyumines tsentsii j 


PERIODICAL: Ovtika i spektrosxopiya, 1959, Vol 6, Nr 6, op 769-775 (USSR, 


ABSTRACT: The paper was presented at the Sevonth Conference on Luminescence. ‘The 
authors solve kinetic equations for particles in the conduction band and 
at capturo levels, taking part in luminescent processes. triple 
recombination, which occurs at high free charge-carrier dansities is 
allowed for in these equations (triple recombination is defined as 
radiationless recombination which is the reverse of tha process of 
jonization removal of electrons from traps by conduction electrons or by 
holes). .It is shown that the non-linear portion of cathodolumines cence 
yield (saturation effect) occurs at the high free electron and hole 
densities at which triple recombination appears. ‘theoretical predictions 
of the cathodoluminescence yield and its dependence on the excitation 
intensity were found to agree with exveriment. In the final section the 
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Effect of Radiationless Recombination on Saturation in Cathodolumines cence 


euthors give the energy balance of electrons in recombination processes 
and they estimate the alectron temperature in tne pnosphor. ine paper 
is entirely theoretical. Accnowledgnents are made to V.L. Levshin and 
M.V. Fok for their advice. There are 2 figures and 6 references, 3 of 
which are Soviet and 3 English. 


SUBMITTED: May 12, 1958. 


Card 2/2 


APPROVED FOR RELEASE: 08/25/2000 CIA-RDP86-00513R001342420010-4" 


24.3500 
AUTAR : 


TITIB: 


PERLODICAL: 


ABS TRACT: 


Card 1/1 
SUBMITTED s 


REESE FOR RELEASE: 08/25/2000 CIA-RDP86-00513R001342420010-4 


Popov, Yul, 


The Effect of Fast Blectrons on the Stored Light-Sum in Cathodo- 
Lumines cence 


Ootika 4 spektroskegiya, 1955, Vol 7, Nr 5, pop 697-702 (USSR) 


Fhos phorescence under the action of an electron beam is known to decay 
faster in most phospnors when the beam density is increased (Ref 1). 

As in photoluminescencs, the higher rate of decay is dus te a greater 
degree of filling of shaliow levels, compired with desp levels, with 
increase of the sxcitation intensity. A gacond possible reason for the 
faster decay of phosphorescence (4.0. 8 lozer degrae of filling of deep 
levels) is discussed in the present paper: it is suggested that 
electrons may be mocked out of capture levels by fest electrons which 
are formed in the conduction band dug to ionization losses of the prinery 
cathode~ray bean. The author calculates density of the primary electron 
beam at which the probability of knocking out electrons from daep capture 
levels into the conduction dani, due to ionization, is comparable with 
thermal ejection; such @ density is shown to be quite possible in 
practice. The paper is entirely theoretical. Acknowledgment is made to 
VA. Chuyenkov for his advice. There are 12 references, 9 of which are 


Soviet and 3 English. 
March 5, 1959 Uy’ 
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,UTHORS: Basov, Ne Gey Yul, Bs Me, Popov, Yus He Sov /56-37-2-54/56 

TITLE: Quantum-mechanical Semiconductor Generators and -Anplifiers of 
Electromagnetic Oscillations 


PERIODICAL: Zhurnal eksperimental'noy i teoreticheskoy fiziki, 1959, 
Vol 37, Nr 2(8), pp 587-588 (USSR) 


ABSTRACT: In the present "Letter to the Editor" the authors discuss the 
possibility of using the electron transitions between the 
conductivity zone (valence zone) end donor (acceptor) impurity 
levels of a semiconductor for the production of electromagnetic 
radiation (like in a molecular generator). For the realization of 
semiconductor generators and eamplifiers it is necessary to 
provide for such a distribution of electrons {noles) in the 
conductivity zone (valence sone) that the effactive tenperature 
of the conductivity electrons (holes) is negative vith respect to 
the ionized donors (acceptors). Such 4 semiccrductor has negative 
frequency losses in the case of transitions of ¢lectrong (noies) 
from the conductivity (valence) zone to impurity levels. If such 
a semiconductor is irradiated with electromagnetic waves, the 

Card 1/3 latter may be amplified; if certain conlitions (self-exci tation) 
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Quéntum-mechanical Semiconductor Generators and 
-Amplifiers of Electromagnetic Oscillations 


attain negative temperatures, 

mechanism is suggested. This state with negative tenpere* 
maintained during the relaxation tine of electrons (holes) vith 
the impurity levels. If the number of impurities is small 
compared to the number of atoms in the crystal lattice, ths 
life time of the conductivity electrons (holes of the valence 
zone ) T, is large compared to the time T, between tne 


collisio::s of electrons (holes) with the lattice. a may be 


regulate’ by the impurity concentration. During the period c; 


the system may be used as a generator or as amplifier of 
electromagnetic oscillations. A reduction of the surface 
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Quantum-nechanical Semiconductor Generators and sov /56-37-2-54/56 
-Amplifiers of Electronagnetic Oscillations 


reflection coefficient or of the dimensions of the sample nay 

convert the system from the function as generator to that of an 

amplifier. The present paper was registered by the Committee : 
of Inventions and Discoveries of the USSR Council- 

of Ministers . with priority of July 7, 1958. 

There are 3 Soviet references. 


ASSOCIATION: Fizicheskiy institut im. P. N. Lebedeva Akademii nauk 
(Physics Institute imeni P. le Lebedev of the Academy of 


Sciences) 


May 18, 1959 


APPROVED FOR RELEASE: 08/25/2000 CIA-RDP86-00513R001342420010-4" 


"APPROVED FOR RELEASE: 08/25/2000 CIA-RDP86-00513R001342420010-4 


___ POPOV, Yu.M.; SELIVANENKO, A.S. 


luminescence of a free exiton in a molecular ea 
9 no.2:260-261 Ag '60. : 


(Luminescence ) (Excitons ) 
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AUTHORS: Basov, N, G-, Krokhin, 0» Nes _ Popov, Yu, Me 
Co 


g 
pw 

TITLE: Semiconductor Amplifierd and Generators Whose Carxiers Have 
a Negative Effective Mass 


PERIODICAL: Zhurnal eksperimental’noy i teoreticheskoy fiziki, 1960, 
Vol. 38, No. 35 PP» 4001-1002 


TEXT; Kroemear (Ref. 1) made the suggestion to use carriers with a 
negat iconductors for the amplification and 
generation of ¢ romagnet: ves; since negative losses will thus 
occur during the motion o j in the field. In order to produce 
such. states it is advisable to usé @ constant electric field. In the pre= 
sent “Letter to the Editor" the authors demonstrate that it is impossible 
to produce states with negative losses by using a constant electric 


field. The condition we(é,)[i-£(E 4 Ino owt (é ,)(1-£(é 9) n= “ 
= wn(Aa) { 2(e,)-t(24)} > 0 must be satisfied for the energies £, 7 €, 


(f{-) is the electron distribution function, n eo) ig the number of -_ 


; ly 
Card 179 
-= 
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Semivonductor Amplifiers end Generators Whose 5 /056/60/038/63/31/035 
Carriers Have a Negative Effective Mass p006/B014 


photons of an energy hu = Eon e49 wis the probability of spontaneous emis~ 


sion), To obtain amplification, it was necessary that 3f(e)/de > 0, at 


least at some points of the range Eon Eq This is nowhere the case if 


thermodynamic equilibrium is to be maintained. Direct calculations 
(Refs. 2-5) have show ible to disturb thermodynamic 
equilibrium so strong if E = const, as Was assumed 
by Kroemer. Also if in the case 0 i ome components 

of the mass tensor are negative for certain lse, 


af/2e > O cannot be attained if E « const. 

in the case of semiconductors the interaction co 

and optical phonons 4s of the same order of magnitude. For 
semiconductors with negative losses 4t is therefore necessary to obtain 
states with negative temperatures if af/ae > O. There are 6 references, 
3 of which are Soviet. 


ATION: Fizicheskiy institut im. P. N. Lebedeva Akademii nauk SSSR 


ASSOCI 
(Physics Institute imeni P. N- Lebedev of the Academy Of! Pe) 
Sciences, USSR a 
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AUTHORS: Krokhin, 0. N., Popov; Yu. M. \ 
=e 


TITLE: Slowing-down Time of Non-equilibrt Carriers in Semicon- 
ductors 


PERIODICAL: Zhurnal eksperimental'noy 4 teoreticheskoy fiziki, 1960, 
Vol. 38, Now 5, ppe 1589-1592 


TEXT: The determination of the slowing-down time of minority carriers is 
particularly important to the development of quantum-mechanical semicon- 
ductor generators and amplifiers. Negative losses in semiconductors may 
occur if the production time for negative temperatures in them (slowing- 
down time) is shorter than the lifetime of the produced external excitations 
of fast electrons and holes. The authors regard those electrons (holes) 

as minority (fast) carriers, the initial energy €, of which is considerab- 
ly higher than the mean thermal or degeneration energies (if the gas is de- 
generate), but not higher than the threshold energy of jmpact ionization of 
the valency band. In sufficiently pure crystals of regular shape, the 
slowing down of electrons is due to scattering by lattice vibrations. Im- 
purities and defects need not be taken into account. The following 
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calculations, which a 

hold analogously for 

ceed from the equation of motion for the e 

f(p) in the crystal, taking the Fermi degeneracy 

account. In order to investigate the slowing-down 0 

sence of an electric field and with £(3) = £(&), where € ig the electron 
energy (€ = p@/2m), the authors first give expressions for of(€)/a, 

the electron lattice collision time t, the energy state density ¢@ €), and 
the variation of the mean electron energy in time dE/dt. By use of these 
relations they study the slowing down of a single electron without con- 
sidering degeneracy. £(E)e(e) = &(E - E) holds in this case. The case of an 
acoustic phonon is treated first. For the glowing-down time from E_ to B 
due to electron scatterings by acoustic lattice vibrations one obtains: 


-1/2 _-1/2), 1/2, 2 ; 

t = (2/a,)(B -E, )s a, = 2(2m) /“u'/1, ((T)kT, where Loe is the mean 

free path of the electron in scattering, u 4s the velocity of sound, and T 
igs the lattice temperature. Next, the authors investigate the slowing down K 


of a fast electron by optical lattice vitrations of a valence-type semi- 
conductor. An expression is derived for t opt’ Furthermore, 
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Masse) tg & 107° holds. In the following, degeneracy is taken into account 


and the slowing-down times are compared with one another, both regarding 
and disregarding degeneracy. It is found that the slowing-down time is 
not essentially influenced by taking degeneracy into account. N. G. Basov 
is thanked for discussions. B. I. Davydov and L. V. Keldysh are mentioned. 
There are 5 references: 3 Soviet, 1 US, and 1 British. 


ASSOCIATION: Fizicheskiy institut im. P. N. Lebedeva Akademii nauk SSSR 
Institute of Physics imeni P. N. Lebedev of the Academy 
of Sciences USSR 


SUBMITTED: December 17, 1959 
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3/056/60/039/005/051/051 
24.7704 | 1043,1193,1ES9 3006/B07T 


AUTHORS: Basov, N. Ge» Krokhin, 0. Nes Popov, Or ne 


TITLE: The Possibility of an Application of Indirect Transitions 
to Produce Negative Temperature in Semiconductors. 


PERIODICAL: Zhurnal eksperimental 'noy 4 teoreticheskoy fiziki, 1960, 
Vol. 39, No- 5(11), PP 1486 - 1487 


TEXT: In some semiconductors, especially in germanium and silicon, the 
infrared emission and absorption edges correspond to the indirect tran- 
sitiong, that is during emission and absorption of a photon emission or 
absorption of a phonon takes place simultaneously. The long wave emission 
corresponds to simultaneous emission of photon+phonon on these transi- 
tions. In a sample with a low enough temperature where the phonons 
necessary for absorption are missing in the lattice, the emission with 
the longest wave will not be absorbed and here the sample will be prac- 
tically transparent. If the carrier concentration is increased with 


card 1/2 


APPROVE : 
D FOR RELEASE: 08/25/2000 CIA-RDP86-00513R001342420010-4" 


"APPROVED FOR RELEASE: 08/25/2000 CIA-RDP86-00513R001342420010-4 


86932 


The Possibility of an Application of $/056/60/039/005/051/051 
Indirect Transitions to Zroduce Negative B006/BO77 
Temperature in Semiconductors 


respect to the evuilibrisi concentration by means of any mechanism 
(exposure, electric ‘ield etc.) then under certain conditions a negative 
temperature should occur with respect to the considered transitions. 

The conditions for such « process should be: W/W, <Tjp-/T, where W_ 


and W) > is the photon und phonon frequency, T the temperature of the 


the civcctive temperature where the levels of the con- 


sample and qT. 


ff 
duction band with resvect to those of the valence band are filled. For 
germanium would hold W/o) 25 and thus Tore/T > 255 which would be ful- 


filled for a sample at helium temperature if the excitation is brought 
about by a radiation source or an external electric field. There are 
10 references: 1 Soviet, 8 US, 1 Czechoslovakian. 


ASSOCIATION: Fizicheskiy institut im. P. N. Lebedeva Akademii nauk SSSR 
(Physics Institute imeni P. N. Lebedev, Academy of Sciences 
USSR) 

SUBMITTED: October 35, 1960 
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6.3 300 (2201, 2£0/, 7503) 


AUTHORS: Basov. N. G., Krokhin G. N., 
TITLE: Generaticn, 1 : 3 ana Datestcon of Infrared Hf 
and Optical iat: y Means cf Quantum Systems or 


PERIODICAL: Uspekhi fizicheskikh nauk. 1960, Vol. 72, No. 2 
pp. 16] - 209 


TEXT: The present paper gives comprehensive survey 
the possitilities of application. and the prcperties 
generators and intensifiers. In the introducticn thea 
the sources cf eiectromagnetic radiation which they divi 
groups (thermal scurce, luminescence source. and generators 

which differ above ail by the width of the emission spectrum. They 
then discuss the principle of the generation and intensification of 
waves which is based cn the induction of transitions in quantum 
aystems (molecules, atoms, ions, etc.). Molecular generators, and 
paramagnetic intensifiers may be used for the generation and 
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intensification of submillimeter infrared and cptical waves. Tr 
Prod .ce such &enerators and intensifiers it igs necessary to ob+ain 
a system which is not in vhermodynami- equilibrium (i.e. in a State 
with negative temperature), In such a state the occupation of the 
energy levels is bound to increase with increasing energy, and the 
system is bound te emt photons under the influence of 9 radiation 
tmpinging from cutside, Tt may be used not only for the generation 
but also fcr the intensification of radiation. In spite of the 
spontensousg vadiation such intensifiers are Considerably sensitive 
in the infrared, It has already teen suggested tc use spectra} li 
of different Materials for Eroducing highly sensitive radiation ind: - 
caters which are free from noises of Spontaneous radiation. One of 
the most important characteristios cf such a system with negative 
temperature igs the "number of active Particles", ive > the particle 
*xcess on the upper revels compared with the lower ones which are 
&enerated per unit time, Another important characteristics is the 
qfantity Ks 231 denk Aw, where | de is thesjuare of the Matrix elemens 
i 


Card 2/4 


010-4" 
APPROVED FOR RELEASE: 08/25/2000 CIA-RDP86-00513R001342420 


CIA-RDP86-00513R001342420010-4 


"APPROVED FOR RELEASE: 08/25/2000 


= 


ie 


8900 


Generation, Intensification, ar. 5/053 60/072/002/001/005 
Detection of Infrared and Optical BO06/B067 
Radiation by Means of Quantum Systens 


cf the dipole moment between the levels concerned, n the number of the 
active particles, and Aljthe spectral line width, The quantity kK enterg 
the condition of the self-excitation of the generators and determines 
the intensification coefficient of the intensifier, as is shown in 
part &. In moleculer gases K igs in the om range only 1/103 of the 
value it has in crystals of paramagnetic ione. Similar conditions 
prevail also in the infrared. Hence the use of solids seems to be the 
ROos* promising, The present paper which 6ives a survey of published 
data and the results obtained in this field is presented in the follow- 
ing way: Chapter T: metheds of cotaining states in systems with 
negative temperatures, The theory of negative temperatares; sorting 
cf molecuies by means of an inhomogeneous electric or Magnetics field 
=n molecular beams; the excitation of gas molecules by means of gas 
discharge; momentum method of Producing negative temperatures in semi- 
Sonducicrss Production of negative temperatures +n semiconductors 
between jevels lying within one conduction band ("amplifier wit 
negatirre mass"); production of negative temperatures hy the method 
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systems with negative temperature; condition of a a cecneaues 
theory and suggestions for the prod i ees Seavey UL. 
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increase in the receiver sensitiv} 
e rece Yo sensitivity. 
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ey gis: *@-T2s and 80 references: 33 Soviet. 34 Us atess 
f HUs-Yaiian. 2 British. and 1 French ee Snr ee 


APPROVED FOR RELEASE: 08/25/2000 CIA-RDP86-00513R001342420010-4" 


c 


"APPROVED FOR RELEASE: 08/25/2000 CIA-RDP86-00513R001342420010-4 


BASOV, N.G.; KROKHIN, 0.N.; POPOV, Yu.M, 


Generation, intensification, and indication of infrared and optical 
a of quantum systems, Usp. fiz. nauk 77 

ahe aa « , (MIRA 16:8 
(Radiation) (Quantum theory) 


APPROVED FOR RELEASE: 08/25/2000 CIA-RDP86-00513R001342420010-4" 


"APPROVED FOR RELEASE: 08/25/2000 


CIA-RDP86-00513R001342420010-4 


POPOV, Yu. M., BASOV, N. G., and KROKHIN, 0. N. 


"Negative Absorption Coefficient at Indirect Transitions in 
Semiconductors." 


Report presented by N. G. Basov at the 2nd Intl. Conference on Quantum 
Electronics, 23-24 Mar 1961, Berkeley, California. 
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report presented at the Hungarian Sumposiun on Luninescence, Balatonvilazos, 
Hungary, 7-10 June 1961. : 
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8/648/61/025/663/036/047 
7,.Y/CO (alse 1137, 103, 1395) B104/B202 


AUTHOR: Popov, Yu. M, 


TITLE: Characteristic features of cathodoluminescence for ni 
excitation densities 


PERIODICAL: Izvestiya Akademii nauk SSSR. Seriya fizicheskaya, 
Ve 25, no. 3, 1961, 405-408 


TEXT: This paper was presented at the 9th conference on luminescence 
(crystal phosphors) Kiyev, June 20 to 25; 1960. The author theoretically 
Studies processes Showing two important properties of cathodoluminescence 
at high excitation densities: 1) deviation of the linear increase of 
brightness of luminescence with an increase in the excitation density 
which is called saturation effect. 2) Rising slope of the damping curve 
of the afterglow 


It transfers its energy to the other carrier ¢ 
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which, in turn, it is given up without radiation on relaxation with the 
lattice. It was found by calculations that under these conditions 
linearity of brightness as a function of the ie, cea density deviates at 
an excitation density of 1024 particles per cm’ and second if ths 
concentration of the mobile carrier in the conduction band attains the 


16 -3 


value N#10 em “. The relative increase of the light sum which in 
contrast to the light sum which is stored at the deep levels, is stored 
at the shallow levels, is regarded as one of the reasons of the increase 
in the damping velocity of the afterglow of cathodoiuminescence. It was 
found by theoretical considerations that with increasing excitation 
density the number of the electrons stored at the deep levels becomes 
smaller than that of electrons stored at the shallow levels. The light 
sum which is set free at the deep levels is also reduced by the knocking 
out of electron from the adhesion levels by fast electrons. Assuming 
that the main processes occurring in a solid are ionization processes and 
that electrons are generated by the primary electron beam in the conduc- 
tion band of crystal phosphor whose kinetic energy is lower than the 
forbidder zone width, the following expression is obtained for the 
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7 __. probability of an ejection caused vy fast electrons: 
GoM aE pBoQ In (Bo / 11?) (4) 


) hl 
WIP = sunztZte4 In (48, / Aw) 


a 


where ii is the reduced ion mass, E2 the Rydberg energy, Q@ the number of 
electron-hole pairs. From this expression the authors obtain the condition 
92 1078 exp(-16*) fur); 


If tris condition is satisfied, the probability of en ionization ejection 

from the k-th level is greater than that of a thermal ejection. Hence, the 
lisht sum is limited by the excitation density which is released from the 

low levels. The probability of an ionization ef an adhesion level is not as 
temporature-dependent, the probability of a thermal ejection, however, is ra 
exponentially reduced with temperature. There are 3 references: 1 Soviet- 

Dloc and 2 non-Sovict-bloc. - 


ASSOCIATION: Fizicheskiy institut im. P..N. Lebedeva Akademii nauk SSSR 
(Physics Institute imeni.P. N. Lebedev of the Academy of ‘ 
Sciences USSR) 
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AUTHORS: Basov, N.Ges Krokhin, O,N., and Popovs YuoMe 
TITLE: Generators and amplifiers of light 


PERIODICAL:  Prirodas no» 12, 1961, 16-25 


PEXTs This article deals with the development of quantum radiophysics and 
the theory; development and application of generators of monochromatic, opti- 
cal and infrared radiation. In 1952, a new principle of generating and 
amplifying electromagnetic radiation in quants systems, base 

@iation, was proposed by NG. Basov and A.M. In 1954-555 

quantum generators of the electromagnetic waves eter band, 
based on jnduced radiation, were DpDuilt. Quantun i ntime- 
ter and decimeter wavebands , used for increasing i i ive 
ing equipment and propos the first time in 1956 by N- Blumbergen, are 
based on the Zelevel sys Basov and A.M. Prokhorov. Opti- 
cal generators; based on the same prin were proposed for the first 
time in the USSR in 1957-58 by Basov, Prokhorov, B.M. Vul and Yu M. Popov. 

It is noe that world-wide attempts are being made to use quantum systems xX 
card 1 
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for the creation and development of generators and amplifiers in the meter 
and wi:rraviolet wavebands and possibly also jn shorter wavebands. The 
authors give 4 very general explanation of resonance ebsorption, induced and 
spontaneous radiation, and quanta systems working with "negative tempera~ 

ture", They point out the need to develop devices ensuring the possibility 
of obtaining monochromatic radiation with the aid of media of finite dimen- 
sions, suggesting in this connection the use of a system of parallel mirrors» 
In radiowave generators, the parallel mirrors are replaced by 4 resonator 
which can concentrate all radiation energy on one type of oscillation, thus 
ensuring high-directivity radiation and monochromatization. Discussing ge” 

arators of optical and infrared radiation, the authors describe two types 
of generators, one of them using a mixture of helium (pressure 1 mm Hg) and 
neon (0.1 mm Hg) excited by low-temperature discharge and enclosed in 4 
quartz envelope. In the second type, spectral radiation lines of various 
solids, mainly monocrystals excited by intensive optical radiation are usedo 
The moncorystal of a synthetic ruby has latterly been replaced by uranium and 
samarium ions in calcium fluorite. Semiconductors, used instead of lumines- 
cent crystals in optical and infrared radiation generators,also give very 
good A aad accomplishment of electrical excitation methods; high density X 
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of the excited centers, and the possibility of changing the generation rate 
in the magnetic field. In the high light concentrations of optical waveband 
generators, the light pressure may be up to 1 million at. ana may be used 
for studying the properties of substances on strong electrical fields. ac- 
celeraticn of charged particles, acceleration of chemical reactions and 
exact processing of various materials. Soviet scientist V.A. Fabrikant is 
mentioned .in connection with research work in this field. There are 8 fiz- 
urea and 2 Soviet-bloc references. 


ASSOCATION:; Pizicheskiy institut im. P.N. Lebedeva AN SSSR( Moskva ) 
(Physics Institute im. P.N, Lebedev of the AS USSR/itcs cow) 
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AUTHORS: Basov, N.Ge, Krokhin, O.Ney Popov Yu.M. 

TITLE: Generation of coherent light by means of solids 
3 

PERIODICAL: Vestnik Akademii nauk SSSR,, no. 3, 1961, 61 = 66 


TEXT: A short survey is given on methods of producing generators for op- 
tical and infrared radiations, in which quantum transitions among energy 
levels in solids, luminophores, and semiconductors are utilized. Infrared 
and optical generators are mentioned which are based upon the principle 

of induced radiation in quantum systems of negative temperatures (N.G. 
Basov, AM. Prokhorov, 1954), highly coherent radiation sources of lumi- 
nescent substances in infrared and optical spectral regions, exciting by 
strong optical radiation (1T.G. Mayman, D.F. Nel*son, A.L. Shavlov, PoP. 
Sorokin, 1960). ‘he production of such sources is closely related to the 
problems of interaction between radiation and substance, structures of the 
energy levels of.,the substances, probability of radiation and nonradiation 
processes. S.I. Vavilov contributed considerably to the solution of these 
problems, The action of permanent afterglow of organic luminophores which 
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have been discovered by S.I. Vavilov and V.L. Levshin (1928) possibly is 
used for creating new sources of light. PP. Feofilov (student of S.I. 
Vavilov) together with L.N. Galkin studied (1957) in detail absorption { 
bands and emission of Ut++ in calcium fluorite. Resonators are used to 
increase the interaction between radiation and substance of negative tem- 
perature (A.M. Prokhorov, 19583 A.L. Shavlov, 1958). Furthermore, 4 report 
eration of optical and infrared radiation by applying 
activators in corundum and calcium fluorite. The optical radiation source 
used was a corundum crystal (a1,0 }) with of Cr,0 impurities (0.05 per 
cent by weight). The wide absoeption pand of the transition level 
mks to 4p, corresponds to 4 wavelength of oms5600 Ae Fige 2 shows a sche-~ 
matic representation of the uranium ion level in the calcium fluorite cry= 
stal. Some methods of creating negative temperatures in semiconductors 
are recommended (N.G. Basov, B.M. Vul and Yu.M. Popov, 1958) for gene- 
rating infrared and optical radiations by semiconductors. Negative tem- 
peratures of semiconductors can be reached by intrazonal electron-hole 
transitions, and by intrazonal transitions and transitions from the base 
region to the level of impurity atoms. So far, there exists no general 
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Using indirect transitions in semiconductors for determining 
states with negative absorption coefficients. Zhur. eksp. i 
teor. fiz. 40 no.4:1203-1209 Ap ‘61. (MIRA 14:7) 


1. Fizicheskiy institut imeni P.N.Lebedeva AN SSSR. 
(Semiconductors) (Quantum mechanics) 
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AMTPHORS : Baacv, N. Ge. Krokhin, 0. N., vpopov, fa. Me 
TITLE: Production cf states with negative temperature in the 
pen-dunction: of degenerat2 semiconductors 


PERIODICAL: Zhurnal eksperimentalinoy i teoreticheskery fiz1ki. 
no. 4, 1961, 1879-1880 


TEXT: When arplyivea a voltage in forward direction cf a ben-junetion in 
a gemisonductor the consentration of the minority sarriers increase: 
near the p-n junction. The maximum concentration cf thesa carriers 
corrasponds to the conpiete compensation of the potential barrier by an 
external field. Tt sorresponds almest to that part of the orysral where 
the sarriera ara majority carriers. (In this sase the ¢-n juneticu 3 
reparded 22 1 scare dunstion’. The negative tamperatruca in toe band -te- 
bard transitiens citurs enly when the Fermi quuai-leveie cerresponding 1c 
the non-equilibrium soncentrations of the ¢lectrons ard nalea satisfy tne 
condition: po + Veo >fy (1). In this case Wy and ny, denote the Ferm 
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“quast-levels" of tha alactranu and holes, and A the width «f the 
forbidden band. Wren applying a voltage in forward dfrostien tan pen 
Junotion the carriera mat be degensmta ar least in one pur’ oof thn pen 
junatton, Seamteondustors with sueb pen dumetiona preved to be tunnel 
diedas, tho meshanigm °F the oacuscrance of thaaga atntes ste ti nugat dye 
famperatare studied bore dogs net correspond to the runne} part but te 
tha velt-unpara part cf the charasterfatios ef the tunpel dléeda. In tna 
fen junctloes ef tna «strongly dewenerate samioonductera a atate with 
negative touperature oncura tafece the petantial barrier 13 sompletaiy 
oompansared, Tneratore, the diaperston theory of a surrent paughngt 
through a pen junstion can be unnd for Qualitative entimations. ‘Phe 


minimum value eof the external voltae Vin at which a state with nawzative 

a 
anergy still occurs, 13 tas Q/e where « te the charge of the electron 
iY 


The order of magnitude of the ourrent danoity is Iv -(abn/lexp(ai/kt) 


where D denotes tho diffusion ooeffictent, L the diffusion length, and 
ny the electron density in the p-range of the semiconductor, The currert 


density decreases with increasing degeneracy and also with decreasing 
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tenpecature of the sample. For this rezson a stete with negative energy 
may be attained under steady operation, ‘The spatial region in which a 
state with negative temperature occurs, 1s formed in the layer near ‘ha 
p-r junction with a donaity of the order cf magnitude of ona diffnaion 
length. Whe nigh densities of the majoricy carcierd aurrounding the rangra 
of negative temperatures in the degenerate semiconductors can be used as 
radiation-reflecting surface, i.e... ag resonator. ‘Tho current daneity can 
be reduced if the semiconductors ferming 4 p-n junction have difrerert 
widtha of tha ferbidder bards. For the otserratien of a negative twenuers- 
‘ure if i¢ cAcommenced te study the change of tie vol -ampere obaraucteria- 
ties on irradiation ef tne dunstion with he Vigne ef the corressenlin: 


Do, ts a pe ates J 1 > ay - x 
rrequency, There are 2 roverenegy: 3 Govies-bies ari" non-Jovict-hia- 


Wy Pecan Ss ae . : 
The tac references to onygiish-lanesuaye publicatiera vend as Patlesg 


Le soaki.ibys Rave (G9. 607, 1958: FP oTopvankete Daye caer eLRT EAL Thee 


Soot aT Tar Fizgichsariy inarltur ain. veil. bebodevs .xidemi1 ne Sook 
{Institute of tivsies imeni Pil, Pabedev «8 the &endoums of 
Serences USSH) 
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AUTHOR: _Basov, N. G.; Krokhin 0..N.; Popov, Yue Me J 


TITLE: State with negative temperature in. p-n transitions of degensrate 
semiconductors , ; cs 
... SOURCE: ‘Blektronno-dyrochnyye perekhody v poluprovodnikekh. Tashkent ‘ 
-Jzd-vo AN UzSSR, 1962, 93-95 


TOPIC TAGS: semiconductor negative temperature, population inversion, - 
semiconductor interband transition, negative absorption coefficient 


ABSTRACT: Population inversion with respect to interband transitions is 
possible only if at least one type of carrier is degenerate. Since transitions 
of this type are referred to the diffusive portion of tha volt-ampere 
characteristic, negative temperature can be expected in a region, near the 
p-n transition, whose thickness is of the order of the diffusion length. 
Although cryogenic treatment can produce a population Snversion at any value 
of current density, however small, a comparatively high nonequilibri 
concentration of minority carriers is necessary to bring the value of: the 
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= nagative absorption coefficient close to unity... The authors compute that 
a current density of 10 amp/em* is required in order to achieve a density 
of the injected minority carriers of 1 y en™3, assuming a diffusion 
coafficient of 10 cm*/sec and carrier Lifetime of 10-10 sec. 
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an electron beam and 4 layer of luminor cnrougn 
ion of individual glow process~ 


Pare 


of energy between 
which it passes, and also the evolut 
zs as functions of the excitation density and the temperature. 
ticular attention is paid to ar investigation of the persistence 
seoperties of ZnS phosphors and theiz connection with the location 
‘nd Filling of the electron and noe localization ievels- mR detailes 
alysis is made of the energy losses resulting from thermalization 
and it is shown that in cathode lumines~ 
the Glow 


mak 
~ 


nat the eiectrons and noles, 


“oi ce cnese unavoidable losses are very large and decrease 


‘Siciency by approximately 2.5 times. Allowing for other loss#és;, 
. sver-all glow efficiency in cathode luminescence cannot exceed 


~ 27--0.30. The study of the passage of an electron beam through 


uwolimated layers of zinc-sulfide luminors has established the volt~ 

age dependence of the electron penetration depth and the energy 

iosses at different depths of electron penetrations. The dependence 

of the spectral composition, brightness, and energy glow yield of. 

various zince-sulfide and phosphate luminors on the current density, 
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0.256 wa ZnS-Ag Lumino= - Mpc azcenuactLor 
of glow of di ode Luminors to Gls g-Qi, ana 
9.001 of the initia s investigated ang the presence 
5 TWO superimposed f different auration® 

astablished- The caus reduction in the durvetio= oF 

. afrerglow with increasing excitation density are 

errangemert and development of Localization Level of the -"% 

-nced luminors Wa rmali de-excitetion metnod 

- sonnection was established vation and Liber-tle: 
= the levels at definite depths - gratesc+ t 
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MASER ACTION IN EXTERNALLY PUMPED SEMICONDUCTORS (USSR) 


Popov, Yu. M. Fizika tverdogo tela, v. 5, no. 4, Apr 1963, 1170-1174. 
$/181/63/005/004/033/047 


& 4 population inversion in semi- 
conductors by laser- mping, the energy distribution 
has been determined whose energy exceeds that of the 
The resulting distribution func- 
lus a small addition reflecting 
state Pumping source. The 
State conditions to ebtain popu- 
egardless of the Pumping in- 
ough for lattice Collisions to 
play the main role. iti opulation inversion necessary 
for amplification or 


transition. 
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BAGAYEV, V.S.; BASOV, N.G.; VUL, B.M.; KOPYLOVSKIY, B.D.; KROKHIN, 0.N.; 
MARKIN, Ye.P.; POPOV, Yu.M,; KHVOSHCHEV, A.N.; SHOTOV, A.P. 


Semiconductor{ quantum generator with a p-n junction in Gabe, Dokl. 
AN SSSR 150 no.2:275~278 My '63. (MIRA 16:5) 


1. Fizicheskiy institut im. P.N.Lebedeva AN SSSR, 2. Chleny- 
korrespondenty AN SSSR (for Basov, Vul). 
(Masers) (Gallium arsenide crystals) (Junction; Transistors) 
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' AUTHOR: Popov, Yu. M- : 
A ; 
TITLE: Population inversion in semiconductors due to electron or 
optical excitation y> 


' SOURCE: Fizika -everdogo tela, Ve Ge no. & 1964, 2445-2448 


TOPIC TAGS: germanium, gallium arsenide, optical laser pumping, 
carrier density, phonon, crystal Lattice specific heat. relaxation 
time 


ABSTRACT: To obtain population inversion for interband transitions, 
degenerate electron and hole gas densities are necessary. However, 
the electrons and holes heated by external excitation transfer their 
energy by collisions to the whole electron-hole gas and thus raise | 
its temperature with respect to the lattice temperature. The 
electron-hole gas temperature must not exceed the Debye temperature 


Fai Card 1f3 


APPROVED FOR RELEASE: 08/25/2000 CIA-RDP86-00513R001342420010-4" 


"APPROVED FOR RELEASE: 08/25/2000 CIA-RDP86-00513R001342420010-4 


a By 


L 18832-65 
ACCESSION NR: AP4043368 O 
if degeneracy of nonequilibrium carriers are to be retained. In 
‘the first part of the present treatment'it is assumed that the 
energy relaxation of a carrier by interaction with other carriers 
is faster than the energy transfer to the lattice and faster than 
the recombination. Ft is shown theoretically that, for example, 
for a nonequilibrium carrier lifetime of about 1976 sec in Ge 
(n = Bot om73) the electron temperature will differ only by several 
_ degrees from the lattice temperature. However, if this lifetime is 
much shorter than 1076 sec, as in GaAs, the electron temperature 
rise is sufficient to lift the carrier degeneracy and thus prevent 
population inversion. In the latter case one can use short pulses 
(shorter than the lifetime) or establish degeneracy by rapid re- 
moval of an exciting electron beam (decay time shorter than the 
lifetime). In the second part of the treatment it is assumed that 
S emit several optical phonons and then transfer the 
remaining part of their energy to the electron-hole gas. 
these conditions degeneracy in, say, GaAs {(n ~ 1016 o_-3 
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*| AUTHOR: Pavliychuk, G. A.; Popov, Yu. M, 
TITLE: Effect of the addition of various amounts of boron on the properties and 
weldability of £1437 J pickal-hese steel 
SOURCE: Avtomaticheskaya svarka, no. 1, 1966, 75-75 
‘qoPIc ‘TAGS: boron, nickel steel, weldability, high temperature strength/E1437 nickel 


steel Alcs ' Vrs 


ABSTRACT: The proneness of high-Ni heat-resistant alloys to form cracka in the near- 
|. weld zone during their fusion welding is a major obstacle to the use of these alloys 
4 in weldments. In this conaeotion, the ‘authors peng the effect of the addition 


‘of various amouuts of boron 0.005% and 0.45%) the properties and weldability of 
81437 alloy. It is established that the atrength\ and yield point of £1437 alloy 
“Ereated with 0.45% B are higher than those of the untreated specimens. This is par- 
ticularly evident at high temperatures: at 800°C strength and yield point increase 
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*}| 40-45%. What is more, stress-rupture tests at 8C0°C under a load of 29 kg/mm? showed 
that the time to rupture for specimens treated with 0.45% B is nearly 10 times as 
long 2a that of untreated specimens and 4 times as long as that of specimens 

, treated with 0.005% B. As for weldability, no cracks in the weld and near-weld zones 
of the specimens treated with 0.45% B were detected, whereas large hot cracks were 
observed under analogous conditions in the alloy £1437B!/treated with 0.005% B. Thus, 
treating austenitic Nimonic-type alloys with 0.5% B is an effective means of enhan- © 
cing their mechanical and high-temperature strength while at the same time presarv- 
ing their High plasticity. When ‘Ged as weld metal, owing to the pregence of a two- 
phase austenite-boride structure, ‘these alloys are not prone to Pi eee eracks in 


the weld and in the near-weld zone curing their fusion weldi Orig. art. has: 2 
figures and 2 tables. 4 
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AUTHOR: Poluektov, I. A.; Popov, Yu. M. : 


ORG; Physics Institute im. P. N. Lebedev AN SSSR, Moscow (Fizicheskiy institut 
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‘i . A}, 4T- ae Fy ° A . 
TITLE: Effect of a strong magnetic field on the energy distribution and slowing- 
down times of nonequilibrium current carriers in semiconductors 

a LU, FF 
SOURCE: Fizika tverdogo tela, v. 8, no. 2, 1966, 345-352 


TOPIC TAGS: strong magnetic field, current carrier, semiconductor theory, semi- 
conductor band structure 


‘ ABSTRACT: The authors consider the effect of a strong magnetic field (ho S> kT) 


on the energy distribution and slowing-down times of nonequilibrium current car- 
‘piers in semiconductors where the external excitation source creates electron-hole 
‘pairs with an energy which is much greater than the thermal energy. The distribu- 
,tion function which is derived for the current carriers is not monotonic and may 
fluctuate on Landau levels. The slowing-down time in conditions where AQ <e. 
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TITLE: Influence of a strong mage tic field on recombination radiation 


. in semiconductors 
‘1SOURCE: AN SSSR. Doklady, v. 167, no. 3, 1966, 559-561 


TOPIC TAGS: recombination radiation, semiconductor carrier, semicon- 
ductor band structure, distribution function, solid state laser, 
stimulated emission, line width : 


-|ABSTRACT: To check whether a magnetic field is capable of changing the 
state density in a semiconductor, the authors calculated the intensity 
of recombination radiation in a magnetic field for an interband transi- 
tion in semiconductors, and determined the emission line shape assuming 
that the electron.and hole distribution functions are given for the con- 
duction and for the valence bands. An equation is derived for the nunber 
of quanta of specified frequency emitted per unit time during a spon- 
taneous transition of specified line width, and the electron frequency 
at which the magnetic field becomes influential 1s determined from this 
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On approaching the spontaneous generation threshold, the line | 


» ©xpressed in terms of ¢ 
BK a es of the effective temperature, becomes close to | 


report was presented by 
Orig:~art. has: 102 formulas 
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- Prilozhentye, v. ar ne. 11, 1966, 441-45 


‘ (QOPIC™3 TAGS 3~ jgalliun arsenide, semiconductor sheer, pa junction, junetion diode, 
| laser radiation spectrun 


| ABSTRACT: The authors investigated the performance of semiconductor lasers based on 

| diffusion p-n junctions operating at 500K. The diodes were excited either with a 

‘| pulse generator (current up to 4000 amp, pulse duration 20 nsec) or with a generator 
‘|. With discharge capacitor and mechanical discharge with current up to 1500 amp and 

|’ pulge duration 30-60 nsec. The diode emission had at low currents a broad spectrum 
| that narrowed down gradually from 300 to 110 A with increasing current. At a thresh- 
old current density that varied from djcde to dicde (105 - 5 x 105 amp/em), a single 
‘| generation line was produced at -9000 A, which is of longer wavelength than the mx- 
‘} imum of the spontaneous emission spectrum. With increase in current, edditional 

: lines appear in the are) ania sa be different resonator modes and the 
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generation wavelength increases. Measurement of the diode emission’ directivity pat- 
tern yielded for the width of the luminescent region a value of 4 we The directivity 
pattern in a plane perallel to the p-n junction shows a pronounced multilobe inter- 
ference character, with average half-width 8°. Orig. art. has: 2 figures and 1 
Ee Sas ry, : (02 


t formas * > . 
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TITLE: Generation of short-wavelength radiation an lifetimes with respect to spon-~ 
taneous emission in semiconductors 


AUTHOR: Basov, N. olf Bogdankevich, 0. vid Popov, Yu. M. YY I, 
Shot, BGs Bogdankevich, 0. V. L 


SOURCE: Fizika tverdogo tela, v. 7, no. 11, 1965, 3289-3293 


TOPIC TAGS: semiconductor, semiconductor laser, electron beam laser 


the forbidden gap. The lifetime orf radiationless transitions 
is thus neglected in the analysis. Expressions are derived for the minimal pump 
power and the optimal duration of the excitation pulse. It ig suggested that high- 
purity ZnS, aluminum and boron phosphides, corundum, and other wide-gap semiconductors 
should be tested for laser action in the ultraviolet by means of electron beam ex~ 
citation. Orig. ert. has: 11 formulas. [cs] 
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: TITLE: Methods of obtaining states with negative temperature in 
semiconductors % 
SOURCE: AN SSSR. Fizicheskiy institut. Trudy, v. 31, 1965. 

_ Kvantovaya radiofizika (Quantum radio physics), 3-73 


' TOPIC TAGS: solid state laser, laser theory, semiconductor 
theory, thermodynamic analysis, electromagnetic radiation, excited 
-. state , excitation energy, semiconductor research 


-> ABSTRACT: This paper is a dissertation presented as part of a re- 

i quirement for the degree of Doctor of Physico-Mathematical Sciences 
in 1963. By analysis of the interaction be tween ny yhe electromagnetic : 
.. } radiation and the medium in a soli tat aser% sitthe author derives . 
' the conditions for formation of thermodynamics nonequilibrium states. 
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ain gemiconductors (states with negative temperature ), necessary for . 
“the. amplification of the electromagnetic radiation. The satisfaction: 
’ of the necessary conditions for the various methods of the excitation 
of the semiconductor are discussed, with emphasis on the energy i 
-efficilency of the excitation. Much attention is paid in the paper : 
:-to the possibility of using indirect transitions in semiconductors 
“for amplification of radiation. The paper consists of six chapters. 
“The first is devoted to methods of obtaining states with negative - 
- temperature by exciting a homogeneous semiconductor with electric- 
fie Te second considers the production of such states 
ority carriers into a region close to the pn 
te semiconductor. Tne third deals with the 
ertain semiconductors (such as 
on of electromagnetic radiation. 
aining states with nega- 
lectron beam with 
n or severa owerful il- 
The fifth contains 
quilibrium cur 
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thermodynamic equilibrium with the lattice. The sixth is devoted 

to a determination of the distribution function of nonequilibrium 

carriers inside the corresponding band in the case of a monochro- 

: matic source. Different methods of obtaining negative-temperature 

: gtates are compared in the conclusion. Appendices deal with the 
calculation of the cross sections of triple recombination in semi- 
conductors and the calculation of the gain ,in the case of direct 

. transitions in semiconductors. The author thanks Corresponding 

' Member AN SSSR_N._G. Basov_ and Candidate of Physico-Mathematical 

' Seiences 0. N. Krokhin for a useful discussion of the problems 

' touched upon in the work. Orig. art. has: 204 formulas and 4 

- figures. a e 
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Problems Presented by Old Glaciers >" Yu. N, Popov,9 ” 


"Is Veesoyur Geog Obshchestva" Vol LXXIX, Ko 3 es, 
The only existing articles an glaciation tn: the nerth- . 


east until recently vere by Cherskiy, who discussed 
the paleontological aspects, and Obruchevy, who a 


layers of the Pleistocenic era; and the peleogrepiy 


of the glacial age in Northeastern Siberia. 
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]E. AUTHOR: Popov, Yu, M. = 
: Be ‘ pa ato , a 
|| TITLE: Some results of logging on the Asov Sea e, 
‘SOURCE: Moscow. Neasenyeny 7 nauchno-iseledovatel ‘ekiy fnstitut geofisicheskikh 
i! getodov rasvedki. Rasv hnaya { promy*slovaya geofizika (Prospecting and, 
industrial geophysics), 00. 48, 1963, 66-72 ss es = 


electrical prospecting, 


TOPIC TAGS: geophysics, logging, «sea logging, 

electrical profiling. 

' ABSTRACT: In the years 1959-1961 a maritime expedition of the VNIIGeo Fizika C 
carried out an electrical prospecting study on the Sea of Azov by dipolar i 
sounding and depth profiling, Measurements were made at separate points in the : 
same way as on land, The most important feature of aarine prospecting is the : 
possibility of measurement while travelling, uveing the continuous electrical 
profiling method. About 600-800 km of profile vere obtained per month, The 
errors reached about 5-7Z. On the basis of prospecting and all avatleble 
geological and geophysical data, it may be considered thet the Paleozoic : 
stratum is lifted at the center of the Sea of Azov. Deep-sea drilling may be 
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paleozoia Taimyra. Leningrad, Gostoptekhizdat,, 1963. 138 DF aa 
(Leningrad. Nauchno-tssledovatel'skil institut pgeorop hi arktiki. 
Trendy, vol. 134) (MIRA 17:6) 
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“New Members of the Kolymia Licharewi Family," Yu. Ne 
Popor, 3 3/4 pp 


"Dok Ak Nauk S99R" Vol LXI, No % 
Describes specimens of Kolymia Licharewl found in 


Upper Permian strata in northeast Asia, including 
three new especies. Submitted 5 Jun 48. 
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Ice Formation 


. . . 
®q Present-Day Icecap in the Northeastern USSR, 
Ya. N. Popov » iP 


®I¢ y-8 Geog Obshch” Vo) IXXK, No 2 


First reports of the “frozen area,” which appeared 


ia 1946, are now known to have been a eo 
Present estimate in sq ka is: in Suanter ie Ls 
range, 160; in Buordakk Massif, 94.26; total, 25%. 
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: Title ' § The ecology of tartiary wood borers of the Teredidae family 
Periodical * Dok. AN SSSR 100/h, 789-791, Fob 1, 1955 
Abstract t Geological data are presented regarding the ecology of Tertiary period 
wood borers belonging to the Teredidae family. Four references: 3 


‘USSR and 1 Dutch (1905-1950). Illustrations. 


‘Institution 8 Scientific Research Institute of Arctic Geology 


Presented by: Academician E. N. Pavlovskiy, November 5s 1954 
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